Background: The effect of adjuvant chemotherapy on stage II colon cancer remains constantly controversial. Recently, however, several studies have reported the definite survival benefit of adjuvant chemotherapy (ACT) in T4 disease (stage IIB and IIC) among stage II colon cancer patients. The following study investigates the efficacy of ACT in patients with poorly differentiated stage IIA colon cancer. Methods: The first cohort of eligible patients (N=38384) diagnosed with stage IIA colon cancer was selected from the Surveillance, Epidemiology, and End Results database (SEER) between January 1, 2004, and December 31, 2010. Cox proportional hazards regression analyses and Kaplan-Meier curves were used to evaluate the survival benefit following ACT. Our findings were also evaluated in Fudan University Shanghai Cancer Center (FUSCC) cohort form FUSCC database. Results: In SEER cohort, poorly differentiated or undifferentiated tumor grade was associated with 21.5% increased cancer-specific mortality in patients who did not receive ACT (HR=1.215, 1.004-1.469, P=0.045, using poorly differentiated or undifferentiated ACT as a reference). In FUSCC cohort, poorly differentiated or undifferentiated tumor grade was also associated with increased DFS in patients who received ACT (HR = 0.160, 95% CI = 0.017-1.505, P=0.109, using poorly differentiated or undifferentiated, non-ACT as a reference). In addition, patients with poorly differentiated or undifferentiated tumor who did not receive ACT had a higher risk of distant metastasis and recurrence compared to patients who received ACT (log-rank P=0.027 and 0.119, respectively). Conclusion: ACT decreased the recurrence rate and distant metastasis rate thus improving prognosis for poorly differentiated or undifferentiated stage IIA colon cancer.
Introduction
Colorectal cancer is one of the most commonly diagnosed cancers in men and women [1] . Patients with stage II disease account for approximately 30-40% of colorectal cancer patients [2, 3] . Although adjuvant chemotherapy (ACT) is widely accepted as standard treatment for patients with stage III colon cancer, its role in stage II colon cancer remains controversial [4] [5] [6] .
Even though there is a lack of evidence regarding the efficiency of ACT for stage II colon cancer patients, the American Society of Clinical Oncology (ASCO) clinical guidelines recommend the use of ACT for cases with so-called high-risk factors (including patients with inadequately sampled nodes, T4 lesions, perforation, or poorly differentiated histology) [7] . Also, similar recommendations have been suggested by the European Society for Medical Oncology (ESMO) [8] .
The conclusions about the efficacy of adjuvant CT among high-risk stage II colon cancer are not
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International Publisher consistent [9] [10] [11] [12] [13] [14] [15] . Data from two recent studies have suggested that ACT is not suitable for stage II colon cancer patients with poorly/undifferentiated tumor [10, 11] . In 2018, a randomized-controlled trial (RCT) called SACURA was performed with the purpose of examining the effect of ACT in stage II colon cancer; the study reported that patients with poorly differentiated histology, which was listed as one of "high-risk" factors, did not benefit from ACT or had any impact on the relapse-free survival in stage II colon cancer [13] . Recently, however, several studies have reported the definite survival benefit of ACT in T4 disease (stage IIB and IIC) among stage II colon cancer patients [10, 15, 16] . Consequently, the aim of this study was to investigate the effect of ACT on tumor grade and survival benefit in stage IIA colon cancer patients.
Patients and Methods

Patient Selection from SEER database
The Surveillance, Epidemiology, and End Results (SEER) Program of the United States National Cancer Institute is an authoritative source which collects patient demographic information, cancer diagnostic information, and outcomes from 18 cancer registries in the United States, thus including approximately 28% of the US population. In this study, the first cohort we used was from the SEER database. The SEER database does not contain any identifiers and is publicly available for the studies of cancer-based epidemiology. In the present study, the National Cancer Institute's SEER-Stat software (version 8.3.5) was used to get access to SEER database.
As shown in Figure 1 , 40968 patients, diagnosed with stage IIA (T3N0M0) colon cancer between January 1, 2004 and December 31, 2010, were identified. Patients with unknown tumor grade were excluded from the study. Other exclusion criteria were: unknown race; unknown tumor location or appendix; non-adenocarcinoma histology and not active follow-up.
In this study, we stratified the "patient had chemotherapy" as ACT group and "no evidence of chemotherapy was found in the medical records examined" as a non-ACT group in the variable "chemotherapy recode" in SEER cohort. The primary endpoint in SEER cohort was cause-specific survival (CSS). The cause of death was categorized as colon cancer specific or non-colon cancer related. The CSS was calculated from the date of diagnosis to the date of colon cancer death. Patients who died of other causes were censored at the date of death. Well, moderately, poorly, and undifferentiated tumor grade accounted for 7.9% (n=3035), 74.9% (n=28756), 15.8% (n=6080) and 1.3% (n=513) of the whole cohort, respectively. Then we combined well and moderately tumor grade which were traditionally associated with better prognosis as the same group, poorly and undifferentiated tumor grade as the other group.
Patient Selection from FUSCC database
As shown in Supplementary  Figure and chemotherapy information, were excluded from the study. The outcomes of interest were disease-free survival (DFS), relapse-free survival (RFS) and distant metastasis-free survival (DMFS), which were calculated from the date of diagnosis to the date of first event of recurrence, distant metastasis or death.
Statistical analyses
In this study, we compared different clinicopathologic factors between the ACT and non-ACT groups using Pearson's chi-squared test for different variables. Several multivariate Cox proportional hazard models were constructed to identify the survival benefit of ACT. To determine whether there was a significant interaction between tumor grade and ACT in predicting CSS, we defined a variable combined with tumor grade and ACT. Survival curves were constructed using the Kaplan-Meier method, and univariate survival difference was determined with the log-rank test. Statistical analysis was mainly performed with SPSS version 22 (SPSS Inc., Chicago IL); and two-sided P<0.05 was considered statistically significant.
For the SEER cohort, well and moderately differentiated tumor grades were considered as one group, poorly differentiated and undifferentiated tumor grades as another group. Multivariate Cox proportional hazard models were used to test for differences in CSS after controlling for histology, race, gender, tumor location, year of diagnosis, tumor size and age at diagnosis. Pair-wise comparisons were performed between different combinations of tumor grade and ACT to determine the presence of significant CSS differences.
For the FUSCC cohort, well differentiated, well-moderately differentiated and well-moderately differentiated tumor grade were considered as one group, and poorly-moderately differentiated, poorly differentiated, and undifferentiated tumor grade as another group. Multivariate Cox proportional hazard models were used to test for differences in CSS after controlling for tumor location, age at diagnosis, year of diagnosis, gender, neoadjuvant chemotherapy, histology and tumor size.
Results
Patient characteristics of the SEER and FUSCC cohorts
A total of 38384 stage IIA colon cancer patients were identified from SEER database. A median follow-up time was 74 months and 4913 (12.8%) patients died of colon cancer at the end of the follow-up. In the SEER cohort, 32860 patients (85.6%) were stratified into the non-ACT group, and 5524 (14.4%) into the CT group. The patients' baseline demographic characteristics are shown in Table 1 . White, female, with proximal colon, later diagnosis, small tumor size, old age and well/moderately differentiated were more likely to receive ACT in stage IIA colon cancer ( Totally, 237 stage IIA colon cancer patients were identified from FUSCC database. A median follow-up time was 37 months among censored patients. In the FUSCC cohort, 125 patients (52.7%) were stratified into the non-ACT group, and 112 (47.3%) into the CT group. The patients' baseline demographic characteristics are shown in Supplementary Table 1.
Associations of CCS benefit offered by ACT in SEER database
In the multivariate Cox analysis, a significant interaction was found between tumor grade and ACT in determining CSS (P=0.007, Table  2 ). Well/moderately differentiated tumor grade was not associated with statistically different survival benefit in patients who received ACT (HR=0.977, 95% CI=0.890-1.073, P=0.628, using well/moderately differentiated, using non-ACT as a reference). Yet, poorly differentiated or undifferentiated tumor grade was associated with 21.5% increased cancer-specific mortality in patients who did not receive ACT (HR=1.215, 1.004-1.469, P=0.045, using poorly differentiated or undifferentiated ACT as a reference) compared with those who did. As shown in Table 2 , histological data, race, tumor location, year of diagnosis, tumor size and age at diagnosis were independent prognostic factors in stage IIA colon cancer. 
Evaluating the SEER outcomes in the FUSCC cohort
SEER database did not provide some information such as tumor recurrence and distant metastasis, so these findings in SEER should be treated with caution. We evaluated the above findings in 237 stage IIA colon cancer identified from the FUSCC cohort. Results of multivariate Cox analyses showed that well/moderately differentiated was associated with the similar DFS in patients who received ACT (HR=0.959, 95% CI=0.358-2.571, P=0.933, using well/moderately differentiated, non-ACT as a reference) ( Table 3) . However, poorly differentiated or undifferentiated tumor grade was associated with an increase in DFS after receiving ACT (HR=1.311, 95% CI=0.389-4.415, P=0.662 for poorly differentiated or undifferentiated; non-ACT, HR=0.210, 95% CI=0.024-1.834, P=0.158 for poorly differentiated or undifferentiated, ACT, using well/moderately differentiated, non-ACT as a reference). Next, we investigated the relapse and metastasis patterns of tumor grade with or without receiving ACT. As shown in Figure 2 , patients who did not receive ACT and were diagnosed with well/moderately differentiated tumor grade had similar DMFS rates compared to those who received ACT (log-rank P= 0.916). Nevertheless, patients with poorly differentiated or undifferentiated tumor without receiving ACT had an increased risk of distant metastasis compared with those who received ACT (log-rank P=0.027). Poorly differentiated or undifferentiated tumor grade presented no cases of distant metastasis after receiving ACT, this might be due to the small sample size (n=33) and relatively short median follow-up time (n=37 months) of poorly differentiated or undifferentiated, ACT. As shown in Figure 3 , we found similar RFSs in patients with well/moderately differentiated who received ACT and those who did not receive ACT (log-rank P=0.580). In addition, patients with poorly differentiated or undifferentiated tumor grade had a relatively lower risk of tumor recurrence after receiving ACT compared to patients who did not receive ACT; nonetheless, the difference was not significant (log-rank P=0.119), which was probably due to the small sample size and relatively short follow-up time. The Cox analyses after adjustment showed the similar results (Supplementary Table 2 ). 
Discussion
In today's clinical practice, ACT is widely used to treat stage II colon cancer with high-risk factors without enough of direct evidence [7, 8] . Due to the possibility of excessive treatment or undertreatment, survival benefits of ACT in high-risk stage II colon cancer have been addressed by number of studies; nevertheless, the obtained conclusions have been largely inconsistent [10] [11] [12] [13] 17] .
Recent studies have shown absolute efficacy of ACT in stage IIB and IIC colon cancer. In 2014, Aalok and his colleges reported that the recurrence-free survival (RFS), disease-specific survival (DSS), and overall survival (OS) benefit of adjuvant CT was mainly observed in patients with T4 disease [16] . Two later studies from the USA and Netherlands confirmed these same findings, thus proving that the maximum survival benefit in T4 could be obtained with adjuvant therapy [10, 15] .
Although stage IIA colon cancer has a relatively good prognosis, 20 % -25 % patients eventually die of recurrence or distant metastasis, thus suggesting that adjuvant treatment is still essential in stage IIA colon cancer. Investigating the standard for selection of the candidates eligible to receive ACT in stage IIA is of utmost importance [18] .
Before 2018, all RCTs on adjuvant CT in stage II colon cancer have focused on a mixed group of stage II and stage III diseases. In 2018, SACURA trial, which was the first RCT from Japan, the focus was on adjuvant CT in stage II colon cancer [13] . In this large RCT, survival benefit of ACT in high-risk stage II colon cancer was not demonstrated. Poorly differentiated histology was associated with higher risk of recurrence after the receipt of adjuvant chemotherapy. Beyond that, poorly differentiated histology showed no impact on RFS in stage II patients and was listed as a weakness in the definition of "high-risk" stage II colon cancer.
In our study, however, analyses in SEER cohort showed that poorly differentiated or undifferentiated tumor grade without ACT was associated with 14.2% increased risk of cancer-specific mortality compared to well/moderately differentiated tumor grade without ACT, while poorly differentiated or undifferentiated tumor grade without ACT presented 21.5% increased risk of cancer-specific mortality compared to after receiving ACT. Also, in FUSCC cohort, well/moderately differentiated tumor grade showed obviously better DFS compared to poorly differentiated or undifferentiated tumor grade, and poorly differentiated or undifferentiated tumor grade with ACT revealed obviously better DFS, DMFS and RFS compared to without receiving ACT. Moreover, DFS benefit offered by ACT receipt in poorly differentiated stage IIA colon cancer of FUSCC cohort was more obvious than CSS benefit in SEER cohort. Although the DFS and RFS difference in FUSCC was not statistically significant, which could result from the small sample size and short follow-up time, they also indicated that ACT receipt in poorly differentiated or undifferentiated stage II stage IIA colon cancer could not only improve the survival but also decrease tumor recurrence and distant metastasis, thus improving the life quality of patients.
Since stage IIB and IIC were not included in this study, we could not reject the results in stage II colon cancer from SACURA trial; nonetheless, our study demonstrated the poor prognosis of poorly differentiated tumor grade and supported the routine use of ACT in poorly differentiated stage IIA colon cancer. We assume one reason that SACURA trial did not show any efficacy of ACT in stage II disease with T4 or poorly differentiated tumor grade, because its treatment was based on a single oral chemotherapy drug, i.e. 1-year oral administration of tegafur-uracil. A large population-based retrospective study from the USA indicated that administration of ACT had more survival benefit in well/moderately differentiated stage II colon cancer than in poorly differentiated or undifferentiated stage II disease [11] . This study, coupled with the SACURA trial, did not exclusively focus on stage IIA colon cancer and their study cohorts were mixed with stage IIB (T4aN0M0) and IIC (T4bN0M0) colon cancers, which might have led to the inconsistent findings with our study.
The main strength of this study is that, to the best of our knowledge, this is the first large population-based study that focused on the efficacy of ACT in poorly differentiated stage IIA colon cancer, which demonstrated the efficacy of ACT in poorly differentiated or undifferentiated stage IIA colon cancer, thus supporting the routine use of ACT in poorly differentiated stage IIA disease in clinical practice.
Nonetheless, this study has some limitations that need to be pointed out. First, the present study did not include some prognostic factors of colon cancer. Nowadays, molecular biomarkers that could affect the prognosis of stage IIA colon cancer such as microsatellite instability (MSI), BRAF mutation, (carcinoembryonic antigen) and CEA level that have been extensively studied, were not included into our analyses, which might lead to bias to some extent [19] [20] [21] . Second, it was not possible to differentiate the type of CT, preoperative CT or postoperative CT in SEER database. Yet, as the preoperative CT is not the standard treatment for stage IIA disease, we could cautiously describe the "patient had chemotherapy" in "chemotherapy recode" variable as "ACT" receipt.
Then, the regimens of adjuvant chemotherapy were also not addressed in SEER database. Finally, the statistical power of this current study was limited especially in FUSCC cohort with small sample size (n=237) and short follow-up time (n=37 months), causing all the differences in tumor grade and adjuvant chemotherapy were not significant. Though this study was a large population-based one in general, two cohorts in it were both retrospective rather than prospective, this approach might introduce unaccounted biases and the results should be interpreted with caution, and our conclusions need to be validated in other cohorts, especially in large RCTs.
In conclusion, poorly differentiated tumor grade showed poor prognosis in stage IIA colon cancer. As the first study, our results showed that stage IIA patients with poorly differentiated tumor grade who received ACT had better CSS and DFS. Our study provided a strong evidence to support the use of ACT in stage IIA disease with poorly differentiated tumor grade.
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